A novel fragmentation sequence within the norbornane system, involving C 1 -C 7 bond scission, provides convenient access to a highly functionalized and versatile cyclohexenoid building block which has been further elaborated to a range of cyclohexitols such as, conduritol E, allo-inositol and gabosine B. Our synthesis of the structure corresponding to gabosine K indicates that the structure of this natural product needs to be revised.
Molecular entities having cyclohexitol (polyhydroxylated cyclohexanoids) or amino cyclohexitol core structures have attracted a great deal of attention in recent years because of diverse biological activities exhibited by them, ranging from herbicidal and anti-microbial on the one hand to glycosidase inhibition and mediation of cellular communication on the other. 1 Cyclohexitols with varied levels of oxygenation and stereochemical patterns are known and some typical examples are zeylenol 1, conduritol-E 2, allo-inositol 3, valienamine 4 and MK 7607 5. While several of the known cyclohexitols have been encountered in nature, many more have been accessed through syntheses to evaluate their biological potential. The syntheses of cyclohexitols remains an active area of current research and new approaches continue to be explored to achieve greater preparative efficiency and higher levels of stereo-and regiocontrol. 1, 2 In the accompanying communication, 3 we have outlined a novel Groblike 'top-to-bottom' fragmentation sequence in a norbornyl derivative 6 to furnish a building block 7 for polyoxygenated cyclohexenoids and demonstrated its utility in the synthesis of carbasugars, e.g. fucopyranose 8, Scheme 1.
The structural similarity between 7 and the cis-dihydroxylated cyclohexenoids obtained from the microbial oxygenation 2b of arenes spurred us to further explore the potential of 7 in a variety of cyclohexitol syntheses and these endeavours form the subject matter of this letter.
Our first objective was to elaborate 7 to conduritol and inositol type cyclohexitols. Towards this end, 7 was transformed to the bis-acetonide tosylate 9 and further elimination via the iodide gave the olefin 10. 6 Ozonolysis to cyclohexanone 11, reduction and mesylation furnished 12. 6 Base mediated elimination to 13 6 and acetonide deprotection led to the conduritol-E 2, Scheme 2. 4 The bis-acetonide 13 also served as the precursor of allo-inositol 3. Catalytic osmium tetraoxide dihydroxylation of 13 was understandably slow but did lead to 14 6 in reasonable yield. Deprotection in 14 furnished allo-inositol 3, which was conveniently characterised as the hexa-acetate 15, Scheme 3. 5, 6 Recently, structure elucidation of nearly a dozen novel secondary metabolites, named gabosines A-K, bearing the C 7 skeleton of carbasugars has been reported from the various strains of Streptomycetes. 7 We recognised that our building block 7 and particularly the olefin 10 derived from it were well suited for the synthesis of gabosines. We first chose gabosine B 17 as the target and its synthesis was achieved in a straightforward manner. Exposure of 10 to rhodium trichloride resulted in isomerisation of the double bond to the desired tetra-substituted position and simple hydrolysis of 16 6 furnished gabosine B 17, identical in all respects with the natural product, Scheme 4. 6 Stereoselective protonation in 16 during hydrolysis to furnish 17 as a single diastereomer is notable. We next turned our attention to the more embellished gabosine K 18 and the patented herbicide MK 7607 5 from Curvularia sp., 8 closely related to the former. OsO 4 -mediated dihydroxylation of 10 led to readily separable diastereomeric diols 19 and 20 (70:30) (Scheme 5). 6 Selective acetylation of the primary hydroxyl group in the major isomer 19 and dehydration furnished the olefins 21 and 22 (1:2) in which the latter could be recycled. 6 A one-pot acetonide deprotection and acetate hydrolysis in 21 led to MK 7607. 6 On the other hand, only acetonide deprotection in 21, under controlled conditions, resulted in 18, 9 the structure assigned to gabosine K. However, we found that the spectroscopic data ( 1 H and 13 C NMR) reported for gabosine K were different from our synthetic 18 and a direct comparison of the spectra provided by the authors confirmed this surmise. The structure of gabosine K therefore needs to be revised. 9 Scheme 5. In short, we have amplified the utility of the cyclohexenoid building block 7, obtained via a novel 'top-to-bottom' Grob-like fragmentation, in diverse cyclohexitol syntheses. Besides conduritol E 2 and allo-inositol 3, synthesis of these members of the gabosine family has been accomplished for the first time.
